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1
SEMICONDUCTOR MEMORY DEVICE
INCLUDING TEST MODE CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Korean patent
application number 10-2007-0091757 filed on Sep. 10, 2007,
which is incorporated herein by reference in its entirety

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor memory
device, and more particularly to a semiconductor memory
device having a test mode circuit.

In general, a semiconductor memory device supports a test
mode so that various situations and configurations can be
critically evaluated for the purpose of failure analysis. Con-
ventionally, in order to prevent an unexpected test mode entry,
a change in an address is controlled to enter into a test mode
only when a test mode register set code is continuously input-
ted three times.

That is, as shown in FIG. 1, if a test mode command CMD
is generated, for example, in synchronization with a rising
edge of a clock CLK, then the address signals A<8>, A<9>,
A<10> for test enable control are continuously inputted
together with a test mode register set signal TMRS generated
from a mode register set in synchronization with a rising edge
of'aclock CLK. Ifthe test mode register set signal TMRS and
the address signals A<8>, A<9> A<10> are continuously
inputted three times, a test mode enable signal TM_EN is
generated, thereby performing a test mode entry.

When the next test mode is continuously performed, the
test mode enable signal TM_EN is generated only when the
test mode register set signal TMRS and the address signals
A<8>; A<9>, A<10> are continuously inputted three times.

However, it is relatively rare that a test mode entry fails to
operate when tested with a conventional general product test
equipment. If a normal testing operation can be performed in
a mounting configuration, then conventional techniques of
testing modes may be become unnecessary. In particular,
when a conventional test mode entry control methods are
used, it is often inconvenient or cumbersome to insert a test
command procedure, because it is likely to require consider-
able time to set up the conventional continuous testing con-
figuration. That is, entering into a test mode using in a con-
tinuous test mode operation, may make the prior known
conventional test mode entry control methodologies obsolete
and thereby unnecessary.

SUMMARY OF THE INVENTION

There is provided a semiconductor memory device capable
of simply controlling a test mode entry.

There is provided a semiconductor memory device capable
of'reducing the time in using a test mode operation when a test
mode is continuously performed.

The present invention provides a semiconductor memory
device which includes: a mode setting unit, in response to an
external command and a first address signal for a mode set,
providing a mode register set signal corresponding to prede-
termined mode setting; and a test mode circuit, in an initial
operation, performing test mode enable in response to the
mode register set signal and a second address signal for test
enable control, the test mode circuit, in response to the mode
register set signal and a third address signal for test item
selection in the test mode enable state, outputting a test mode
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item signal, and the test mode circuit, in a subsequent opera-
tion, receiving the fed-back test mode item signal to maintain
the test mode enable state.

Preferably, the mode setting unit provides a test mode
register set signal when the mode setting unit is set as a test
mode register by the external command and the first address
signal, and provides an extended mode register set signal
when the mode setting unit is set as an extended mode register
by the external command and the first address signal.

Preferably, the test mode circuit, in response to the test
mode register set signal and the second address signal two or
more times when the test mode register set signal is provided
from the mode setting unit in the initial operation, enables the
test mode; and the test mode circuit, in response to the
extended mode register set signal and the second address
signal once when the extended mode register set signal is
provided from the mode setting unit in the initial operation,
enables the test mode.

Preferably, the test mode circuit includes: an address shift
unit, in response to the test mode register set signal, sequen-
tially shifting the second address signal to be outputted as a
plurality of address shift signals; an address latch unit, in
response to the extended mode register set signal, latching the
second address signal to be outputted as a test mode control
signal; a test mode enable controller, in response to any one of
the plurality of address shift signals, the test mode control
signal and the fed-back test mode item signal, generating a
test mode enable signal corresponding to the test mode
enable; and a decoding unit, in response to the test mode
register set signal and the test mode enable signal, decoding
the third address signal to be outputted as the test mode item
signal.

Preferably, whenever the test mode register set signal is
inputted, the address shift unit sequentially shifts the second
address signal to output the address shift signals correspond-
ing to the number of input times of the test mode register set
signal.

Preferably, the address latch unit includes: a transmission
unit, when the extended mode register set signal is inputted,
receiving the second address signal to transmit the second
address signal at the time; and a latch unit latching the second
address signal transmitted from the transmission unit to be
outputted as a test mode control signal.

Preferably, the address latch unit further includes an ini-
tialization unit initializing, in a power-up state, an output
terminal of the transmission unit.

Preferably, the test mode enable controller includes: an
encoder encoding and outputting the plurality of address shift
signals; a first logic combination unit logic-combining and
outputting the test mode control signal and the test mode item
signal; and a second logic combination unit logic-combining
an output of the encoder and an output of the first logic
combination unit to be outputted as the test mode enable
signal.

According to another aspect of the present invention, there
is provided a test mode circuit, which includes: a test mode
controller controlling test mode enable with a test mode reg-
ister set signal and a first address signal for test enable control,
continuously inputted in an initial operation, and receiving a
fed-back test mode item signal to maintain the test mode
enable state in a subsequent operation; and an address decod-
ing unit decoding a second address signal for test item selec-
tion to be output the test mode item signal, depending on the
test mode enable.
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Preferably, when the test mode register set signal and the
first address signal are inputted two or more times, the test
mode controller generates a test mode enable signal for the
test mode enable.

Preferably, the test mode controller includes: an address
shift unit, in response to the test mode register set signal,
sequentially shifting the first address signal to be outputted as
a plurality of address shift signals; and a test mode enable
controller, in response to any one of the address shift signals
and the test mode item signal, generating the test mode enable
signal.

Preferably, whenever the test mode register set signal is
inputted into the address shift unit, the address shift unit
sequentially shifts the first address signal to output the
address shift signals corresponding to the number of input
times of the test mode register set signal.

Preferably, the test mode enable controller includes: an
encoder encoding the plurality of address shift signals; and a
logic combination unit logic-combining an output of the
encoder and the test mode item signal to be outputted as the
test mode enable signal.

Preferably, in response to the test mode enable signal and
the test mode register set signal, the address decoding unit
decodes the second address signals to be outputted as the test
mode item signal.

According to a still another aspect of the present invention,
there is provided a test mode circuit, which includes: a test
mode controller, in an initial operation, controlling test mode
enable with an extended mode register set signal and a first
address signal for test enable control; and the test mode con-
troller, in a subsequent operation, receiving a fed-back test
mode item signal to maintain the test mode enable state; and
an address decoding unit, depending on a test mode entry,
decoding a second address signal for test item selection to be
outputted as the test mode item signal, depending on a test
mode entry.

Preferably, the test mode controller includes: an address
latch unit, in response to the extended mode register set sig-
nal, latching the first address signal to be outputted as a test
mode control signal; and a test mode enable controller, in
response to any one of the test mode control signal and the
fed-back test mode item signal, generating a test mode enable
signal.

Preferably, the address latch unit includes: a transmission
unit transmitting the first address signal when the extended
mode register set signal is inputted; a latch unit latching the
first address signal transmitted from the transmission unit to
be outputted as the test mode control signal; and a logic-
combination unit logic combining the test mode control sig-
nal and the test mode item signal to be outputted as the test
mode enable signal.

Preferably, the address decoding unit decodes the second
address signal to be outputted as the test mode item signal in
response to the test mode enable signal and the test mode
register set signal generated in the test mode entry.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a waveform diagram illustrating a test mode entry
in a conventional semiconductor memory device.

FIG. 2 is a block diagram showing a semiconductor
memory device for test mode control according to an embodi-
ment of present invention.

FIG. 3 is a block diagram showing an embodiment of a test
mode circuit 24 of FIG. 2.

FIG. 4 is a circuit diagram showing an embodiment of an
address shift unit 30 of FIG. 3.
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FIG. 5 is a circuit diagram showing an embodiment of an
address latch unit 33 of FIG. 3.

FIG. 61is a circuit diagram showing an embodiment of a test
mode enable controller 34 of FIG. 3.

FIG. 7 is a circuit diagram showing a portion of an embodi-
ment of a main decoder 38 of FIG. 3.

FIG. 8 is a waveform diagram illustrating a first test mode
operation in the semiconductor memory device according to
an embodiment of the present invention.

FIG. 9 is a waveform diagram illustrating a second test
mode operation in the semiconductor memory device accord-
ing to an embodiment of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

In the present invention, when a test mode is performed
continuously, the test mode is enabled by continuously setting
a test mode register and inputting an address in an initial
operation to generate a test mode item signal, and the test
mode item signal generated in a subsequent operation is fed
back to maintain a test mode enable state. For this reason, a
continuous address input for test mode re-enable is unneces-
sary in a subsequent operation.

Further, in the present invention, when a test mode is per-
formed continuously, a test mode is enabled by setting an
extended mode register and inputting a predetermined
address in an initial operation to generate a test mode item
signal, and the test mode item signal generated in a subse-
quent operation is fed back to maintain a test mode enable
state. For this reason, a continuous address input for test mode
enable is unnecessary in an initial or subsequent operation.

Specifically, referring to FIG. 2, a semiconductor memory
device of the present invention includes a mode setting unit 20
and a test mode circuit 24.

The mode setting unit 20 is set as a predetermined mode
register depending on states of an external command CMD
and address signals for a mode set among address signals
A<O:n> (here, ‘n’ is a natural number of ‘1’ or more). The
predetermined mode register set may correspond to a test
mode register set or an extended mode register set. For refer-
ence, the extended mode register set adjusts the size of an
output driver, the enable of a delay locked loop, and the like.
Two extended mode register sets exist in DDR2. Since
remaining codes exist in such an extended mode register set,
a program related to a test mode entry operation may be
previously set in the remaining codes.

When the mode setting unit 20 is set as a test mode register,
the mode setting unit 20 outputs a test mode register set signal
TMRS. When the mode setting unit 20 is set as an extended
mode register, the mode setting unit 20 outputs an extended
mode register set signal EMRS.

When the mode setting unit 20 is set as a test mode register,
the test mode circuit 24 receives the test mode register set
signal TMRS and the address signals A<0:n> to generate test
mode item signals TM<0:m> (here, ‘m’is a natural number of
‘1’ or more). When the mode setting unit 20 is set as an
extended mode register, the test mode circuit 24 receives the
extended mode register set signal EMRS and the address
signals A<Q:n> to generates test mode item signals TM<O:
m=>.

Here, when the mode setting unit 20 is set as a test mode
register in an initial operation, the test mode circuit 24 con-
tinuously receives the test mode register set signal TMRS and
addresses for test enable control among the address signals
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A<0:n>two or more times to generate a test mode item signal
TM<0>. Thereafter, in a continuous test mode operation, the
generated test mode item signal TM<0> is fed back to the test
mode circuit 24 so that test mode item signals TM<1:m> are
generated in the state that the test mode enable is maintained.

When the mode setting unit 20 is set as an extended mode
register in an initial operation, the test mode circuit 24
receives the extended mode register set signal EMRS and any
one address for test enable control among the address signals
A<0O:n> once to generate a test mode item signal TM<0>.
Thereafter, in a continuous test mode operation, the generated
test mode item signal TM<0> is fed back to the test mode
circuit 24 so that test mode item signals TM<1:m> are gen-
erated in the state that the test mode enable is maintained.
Here, the address signal, e.g., A<0>, inputted when the mode
setting unit 20 is set as an extended mode register is used as a
signal for determining a test mode entry in the extended mode
register set.

Specifically, the test mode circuit 24 may be configured as
shown in FIG. 3.

Referring to FIG. 3, the test mode circuit 24 includes a test
mode controller and an address decoding unit. The test mode
controller may include a plurality of address shift units 30 to
32, an address latch unit 33, and a test mode enable controller
34. The address decoding unit may include a plurality of
pre-decoders 35 to 37 and a main decoder 38.

Whenever the test mode register set signal TMRS is input-
ted, the plurality of address shift units 30 to 32 shift address
signals A<8:10> for test enable control to output the shifted
address signals as address shift signals TS<81:83>, TS<91:
93>TS<101:103>, respectively. The plurality of address
shift units 30 to 32 may be initialized by a reset signal RESET.

Each of the address shift units 30 to 32 may be identically
configured, and the configuration of the address shift unit 30
among the plurality of address shift units 30 to 32 will be
representatively described with reference to FIG. 4.

As shown in FIG. 4, the address shift unit 30 includes an
inverter chain V1, IV2 delaying a test mode register set
signal TMRS; an inverter IV3 reversing an output of the
inverter INV2; and a plurality of serially connected flip-flops
40 to 44 shifting an address signal A<8> in response to
outputs of the two inverters IV2, IV3 to sequentially output
address shift signals TS81, TS82, TS83 and resetting by a
reset signal RESET.

Here, the configurations of the flip-flops 40, 42, 44 may be
substantially equivalent to one another, and the configura-
tions of the flip-flops 41, 43 may be substantially equivalent to
each other.

Among the flip-flops 40, 42 and 44, the configuration of the
flip-flop 40 will be representatively described. The flip flop 40
includes a transmission gate TG1 transmitting an address
signal A<8> when a test mode register set signal TMRS is
enabled ata high level; a NAND gate NA1 NAND-combining
an output of the transmission gate TG1 and a reset signal
RESET to be outputted as an address shift signal TS81; and a
three-phase inverter TIV1 inverting the address shift signal
TS81 to be transmitted to an output terminal of the transmis-
sion gate TG1 when the test mode register set signal TMRS is
disabled at a low level.

Among the flip-flops 41 and 43, the configuration of the
flip-flop 41 will be representatively described. The flip-flop
41 includes a transmission gate TG2 transmitting an address
shift signal TS81 when a test mode register set signal TMRS
is disabled at a low level; a NAND gate NA2 NAND-com-
bining an output of the transmission gate TG2 and a reset
signal RESET to be outputted to the flip-flop 42; and a three-
phase inverter TIV2 inverting an output of the NAND gate
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NAZ2 to output the inverted output to an output terminal of the
transmission gate TG2 when the test mode register set signal
TMRS is enabled at a high level.

When the test mode register set signal TMRS is inputted as
a high level, the address shift unit 30 having such a configu-
ration shifts the address signal A<8> to output the shifted
address signal as an address shift signal TS81. When the test
mode register set signal TMRS is again inputted as a high
level after a low level, the address shift unit 30 shifts the
address shift signal TS81 to output the shifted address shift
signal as an address shift signal TS82. When the test mode
register set signal TMRS is again inputted as a high level after
a low level, the address shift unit 30 shifts the address shift
signal TS82 to output the shifted address shift signal as an
address shift signal TS83.

Whenever the logic level of the test mode register set signal
TMRS is changed, an output of each of the flip-flops 40 to 44
is latched by a NAND gate (e.g., NA1) and a three-phase
inverter (e.g., TIV1).

Referring back to FIG. 3, the address latch unit 33 latches
the address signal A<0Q> for test enable control in response to
the extended mode register set signal EMRS to output the
latched address signal as a test mode control signal TM_C-
TRL. The address latch unit 33 may be initialized by a power-
up signal PWRUP.

As shown in FIG. 5, the address latch unit 33 includes a
transmission unit 50 transmitting an address signal A<0> in
response to an extended mode register set signal EMRS; a
latch unit 52 latching an output of the transmission unit 50 to
output the latched output as a test mode control signal TM_C-
TRL; and an initialization unit 54 initializing an output ter-
minal of the transmission unit 50 in response to a power-up
signal PWRUP.

The transmission unit 50 includes an inverter [V4 inverting
an extended mode register set signal EMRS, and a transmis-
sion gate TG3 transmitting an address signal A<0> when the
extended mode register set signal EMRS is enabled at a high
level.

The latch unit 52 includes two inverters IV5, IV6 latching
an output of the transmission unit 50, and an inverter IV7
inverting an output of the inverter IV5 to output the inverted
output as a test mode control signal TM_CTRL.

The initialization unit 54 includes an NMOS transistor N1
pulling down an output terminal of the transmission unit 50 to
the level of a ground voltage level VSS in response to a
power-up signal PWRUP.

Referring back to FIG. 3, the test mode enable controller 34
receives the address shift signals TS<81:83>, TS<91:93>,
TS<101:103>, the test mode control signal TM_CTRL and
the fed-back test mode item signal TM<0> to generate a test
mode enable signal TM_EN corresponding to an enabled
signal among these signals.

As shown in FIG. 6, the test mode enable controller 34
includes an encoding unit 60 encoding the address shift sig-
nals TS<81:83>, TS<91:93>, TS<101:103>; a logic combi-
nation unit 62 logic combining the test mode control signal
TM_CTRL and the test mode item signal TM<0>; and a logic
combination unit 64 logic combining an output of the encod-
ing unit 60 and an output of the logic combination unit 62 to
output a test mode enable signal TM_EN.

The encoding unit 60 includes an inverter [V8 inverting an
address shift signal TS81; aninverter [IV9 inverting an address
shift signal TS82; a NOR gate NR1 NOR-combining an out-
put of the inverter IV9 and an address shift signal TS83; and
a NAND gate NA3 NAND-combining an output of the
inverter IV8 and an output of the NOR gate NR1.
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Further, the encoding unit 60 includes a NOR gate NR2
NOR-combining an address shift signal TS92 and an address
shift signal TS93; a NAND gate NA4 NAND-combining an
address shift signal TS91 and an output of the NOR gate NR2;
and an inverter IV10 inverting an output of the NAND gate
NA4.

Furthermore, the encoding unit 60 includes an inverter
IV11 inverting an address shift signal TS101; an inverter
IV12 inverting an address shift signal TS102; a NAND gate
NAS NAND-combining an output of the inverter IV12 and an
address shift signal TS103; and a NOR gate NR3 NOR-
combining an output of the inverter [IV11 and an output of the
NAND gate NAS.

In addition, the encoding unit 60 includes a NAND gate
NA6 NAND-combining an output of the inverter IV10 and an
output of the NOR gate NR3, and a NOR gate NR4 NOR-
combining an output of the NAND gate NA3 and an output of
the NAND gate NA6.

The logic combination unit 62 includes a NOR gate NRS
NOR-combining a test mode control signal TM_CTRL and a
test mode item signal TM<0>, and an inverter IV13 inverting
an output of the NOR gate NRS5.

The logic combination unit 64 includes a NOR gate NR6
NOR-combining an output of the encoding unit 60 and an
output of the logic combination unit 62, and an inverter [IV14
inverting an output of the NOR gate NR6 to output the
inverted output as a test mode enable signal TM_EN.

Referring back to FIG. 3, when the test mode enable signal
TM_EN is enabled, the pre-decoder 35 decodes address sig-
nals A<0:1> for test item selection to output the decoded
address signals as decoding signals TSET<0:3> synchro-
nized with the test mode register set signal TMRS.

The pre-decoder 36 decodes address signals A<2:4> for
test item selection to output the decoded address signals as
decoding signals TR(G234<0:7>, and the pre-decoder 37
decodes address signals A<5:6> for test item selection to
output the decoded address signals as decoding signals
TRG56<0:3>.

The main decoder 38 decodes the decoding signals
TSET<0:3>, TRG234<0:7>, TRG56<0:3> to output test
mode item signals TM<0:127>. The main decoder 38 may be
initialized by a reset signal RESET.

Here, the main decoder 38 includes a plurality of decoding
circuits shown in FIG. 7, the number of decoding circuits is
determined depending on the number of test mode items (e.g.,
128).

As shown in FIG. 7, each of the decoding circuits included
in the main decoder 38 includes a NAND gate NA7 NAND
combining decoding signals TSET<0> TRG234<0>,
TRG56<0>; a NAND gate NA8 NAND-combining an output
of'the NAND gate NA7 and an output of a NAND gate NA9;
the NAND gate NA9 NAND-combining an output of the
NAND gate NA8 and a reset signal RESET; and an inverter
chain 1V15, IV16 delaying an output of the NAND gate
NAAS to output the delayed output as a test mode item signal
TM<0>.

Hereinafter, an operation of the semiconductor memory
device of the present invention will be described in detail with
reference to FIGS. 8 and 9.

First of all, referring to FIG. 8, when the mode setting unit
20 is set as a test mode register by an external command CMD
and address signals A<0:n> inputted in synchronization with
a rising edge of a predetermined clock CLK in an initial
operation, a test mode register set signal TMRS is provided
from the mode setting unit 20.

If the test mode register set signal TMRS is inputted to the
test mode circuit 24 several times by the external command
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CMD, and each of the address signals A<8:10> is inputted to
the test mode circuit 24 several times in synchronization with
a rising edge of a clock CLK as the same time when the test
mode register set signal TMRS is inputted, a test mode enable
signal TM_EN is enabled as a high level by the address shift
units 30 to 32 and the test mode enable controller 34. For
example, when the test mode register set signal TMRS and the
address signals A<8:10> are continuously inputted three
times, the test mode enable signal TM_EN is enabled as a
high level.

As the test mode enable signal TM_EN is enabled as a high
level, address signals A<0:1>, A<2:4>, A<5:6> are decoded
through the pre-decoders 35 to 37, respectively, and the
decoded signals TSET<0:3>, TRG234<0:7>, TRG56<0:3>
are decoded through the main decoder 38 so that any one of
test mode item signals TM<0:m> is generated as a high level.
The test mode item signal generated as a high level is inputted
to an internal circuit to be tested, and enables a test operation
of the internal circuit.

At this time, assuming that a test mode item signal TM<0>
is generated by TEST<0>, TRG234<0>, TRG56<0> among
the decoded signals TSET<0:3>, TR(G234<0:7>, TRG56<0:
3>, the test mode item signal TM<0> is fed back to the test
mode enable controller 34.

The test mode enable signal TM_EN is maintained as an
enable state, i.e., a high level state, by the fed-back test mode
item signal TM<0> while not being influenced by states of the
address signals A<8:10>.

Thus, when the next test mode operation is performed, i.e.,
when the test mode register set signal TMRS is inputted, the
address signals A<0:1>, A<2:4> A<5:6> are immediately
decoded through the pre-decoders 35 to 37 and the main
decoder 38 so that a test mode item signal, e.g., TM<1> is
outputted.

Thereafter, when the test mode operation is continuously
performed, the test mode enable signal TM_EN is maintained
as an enable state by the fed-back test mode item signal
TM<0>. For this reason, a test mode item signal, e.g., TM<2>
is outputted as a high level when the test mode register set
signal TMRS is inputted.

Thatis, in the semiconductor memory device of the present
invention, when the mode setting unit 20 is set as a test mode
register by the external command CMD and the address sig-
nals A<Q:n> in the initial operation, the test mode enable
signal TM_EN is enabled only when the test mode register set
signal TMRS and the address signals A<8:10> are continu-
ously inputted two or more times.

The address signals A<0:6> are decoded by the test mode
enable signal TM_EN so that a test mode item signal TM<0>
is enabled, and the enabled test mode item signal TM<0> is
fed back so that the test mode enable signal TM_EN is main-
tained as an enable state.

Thus, when the next test mode operation is continuously
performed, address signals A<0:6> are decoded at the time
when the test mode register set signal is inputted so that
another test mode item signal, e.g., TM<1> is enabled.

As described above, in the semiconductor memory device
of the present invention, a test mode entry is performed only
when a mode register set code is inputted two or more times
together with address change in an initial operation, so that an
unexpected test mode entry can be prevented.

In a continuous test mode operation after the initial test
mode entry is performed, a subsequent test mode operation is
maintained by the initially generated test mode item signal.
For this reason, it is unnecessary that an address signal and a
mode register set code are continuously inputted again.
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Thus, when a register set code is inputted after the initial
test mode, address signals are immediately encoded to be
outputted as test mode item signals. For this reason, a test time
can be shortened in a continuous test mode operation.

Since inputs of the address signals are not necessary from
the second test mode operation, it is unnecessary to operate
the encoding unit 60 of the address shift units 30 to 32 and the
test mode enable controller 34. Thus, current consumption by
the encoding unit 60 of the address shift units 30 to 32 and the
test mode enable controller 34 can be reduced.

Referring to FIG. 9, when the mode setting unit 20 is set as
an extended mode register by an external command CMD and
address signals A<0:n> in an initial operation, an extended
mode register set signal EMRS is provided from the mode
setting unit 20.

As the extended mode register set signal EMRS and the
address signal A<0> are inputted to the test mode enable
controller 34, a test mode enable signal TM_EN is enabled as
a high level regardless of states of the address signals A<8:
10>.

As the test mode enable signal TM_EN is enabled, address
signals A<0:1>, A<2:4>, A<5:6> are decoded through the
pre-decoders 35 to 37, respectively, and the decoded signals
TSET<0:3>, TRG234<0:7>, TRG56<0:3> are decoded
through the main decoder 38 so that any one of test mode item
signals TM<0:m>, e.g., TM<0> is enabled as a high level.

As the enabled test mode item signal TM<0> is fed back to
the test mode enable controller 34 when the next test mode
operation is continuously performed, the test mode enable
signal TM_EN is maintained as an enable state. For this
reason, the address signals A<Q:1>, A<2:4>, A<5:6> are
immediately decoded through the pre-decoders 35 to 37 and
the main decoder 38 so that a test mode item signal, e.g.,
TM<1> is enabled as a high level.

That is, in the semiconductor memory device of the present
invention, when the mode setting unit 20 is set as an extended
mode register by an external command CMD and address
signals A<O:n> in an initial operation, a test mode entry is
performed without continuous inputs of the command signal
CMD and address signals A<8:10> for test enable control.

Thus, in a product test, troublesomeness in inputting an
external command CMD can be reduced, and the test time and
current consumption by inputs of continuous address signals
A<8:10> can be reduced.

Although a semiconductor memory device having a con-
figuration in which a test mode register and an extended mode
register together are set together has been disclosed as an
embodiment of the present invention, a semiconductor
memory device having a configuration may be suggested,
which is set only as a test mode register or an extended test
mode register for the purpose of an initial test mode entry.

That is, when only a test mode register set is supported for
the purpose of an initial test mode entry, the configuration of
the address latch unit 33 is removed in the test mode circuit
24, and a test mode item signal TM<0> is immediately input-
ted to the logic combination unit 64 without the logic com-
bination unit 62 in the test mode setting unit 34.

When only an extended mode register set is supported for
the purpose of an initial test mode entry, the configuration of
the address shift units 30, 31, 32 and the logic combination
unit 64 is removed in the test mode circuit 24, and a test mode
enable signal TM_EN is immediately outputted through the
logic combination unit 62.

According to the present invention, since a command and
an address are inputted two or more times in an initial test
mode entry, and the next continuous test mode operation is
performed by inputting a one-time input of the command and

20

25

30

35

40

45

50

55

60

65

10

address, a false operation of the test mode entry can be pre-
vented, and test mode enable can be simply controlled in a
continuous test mode operation.

Further, according to the present invention, since an ini-
tially outputted test mode set signal is fed back to maintain a
test mode enable state, test time and current consumption can
be reduced when a test mode operation is continuously per-
formed.

Furthermore, since the present invention is set as another
test mode such as an extended mode register set, and a test
mode entry is performed by inputting a one-time input of the
command and address, the test mode entry can be easily
controlled, and the test time and current consumption for an
initial test mode entry can be reduced.

Those skilled in the art will appreciate that the specific
embodiments disclosed in the foregoing description may be
readily utilized as a basis for modifying or designing other
embodiments for carrying out the same purposes of the
present invention. Those skilled in the art will also appreciate
that such equivalent embodiments do not deviate from the
spirit and scope of the invention as set forth in the appended
claims.

What is claimed is:

1. A semiconductor memory device, comprising:

amode setting unit providing a mode register set signal, the
mode register set signal corresponding to predetermined
mode setting in response to an external command and a
first address signal for a mode set; and

a test mode circuit, in an initial operation, performing test
mode enable in response to the mode register set signal
and a second address signal for test enable control; when
in the test mode enable state, outputting a test mode item
signal in response to the mode register set signal and a
third address signal for test item selection; and when in
a subsequent operation, receiving the test mode item
signal as a feed-back signal to maintain the test mode
enable state,

wherein when the mode setting unit is set as a test mode
register by the external command and the first address
signal, the mode setting unit provides a test mode regis-
ter set signal; and when the mode setting unit is set as an
extended mode register by the external command and
the first address signal, the mode setting unit provides an
extended mode register set signal, and

wherein the test mode circuit comprises:

an address shift unit, in response to the test mode register
set signal, sequentially shifting the second address sig-
nal to be outputted as a plurality of address shift signals;

an address latch unit, in response to the extended mode
register set signal, latching the second address signal to
be outputted as a test mode control signal;

a test mode enable controller, in response to any one of the
plurality of address shift signals, the test mode control
signal and the test mode item signal, generating a test
mode enable signal corresponding to the test mode
enable; and

a decoding unit, in response to the test mode register set
signal and the test mode enable signal, decoding the
third address signal to be outputted as the test mode item
signal.

2. The semiconductor memory device as set forth in claim

1, wherein when the test mode register set signal is provided
from the mode setting unit in the initial operation, the test
mode circuit enables the test mode in response to the test
mode register set signal and the second address signal two or
more times; and when the extended mode register set signal is
provided from the mode setting unit in the initial operation,
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the test mode circuit enables the test mode in response to the
extended mode register set signal and the second address
signal once.

3. The semiconductor memory device as set forth in claim

1, wherein the address shift unit, in response to whenever the
test mode register set signal is inputted, sequentially shifts the
second address signal to output the address shift signals cor-
responding to the number of input times of the test mode
register set signal.

4. The semiconductor memory device as set forth in claim

1, wherein the address latch unit comprises:
atransmissionunit, in response to when the extended mode
register set signal is inputted receiving the second
address signal to transmit the second address signal; and

a latch unit latching the second address signal transmitted
from the transmission unit to be outputted as a test mode
control signal.

5. The semiconductor memory device as set forth in claim

4, wherein the address latch unit further comprises an initial-
ization unit initializing, in a power-up state, an output termi-
nal of the transmission unit.

6. The semiconductor memory device as set forth in claim

1, wherein the test mode enable controller comprises:

an encoder encoding and outputting the plurality of address
shift signals;

a first logic combination unit logic-combining and output-
ting the test mode control signal and the test mode item
signal; and

asecond logic combination unit logic-combining an output
of'the encoder and an output of the first logic combina-
tion unit to be outputted as the test mode enable signal.

7. A test mode circuit of a semiconductor memory device,

comprising:

atest mode controller, in an initial operation, controlling a
test mode enable with a test mode register set signal and
afirstaddress signal for test enable control, continuously
inputted; and the test mode controller, in a subsequent
operation, receiving the test mode item signal as a feed-
back signal to maintain the test mode enable state; and

an address decoding unit decoding a second address signal
for test item selection to be output the test mode item
signal, depending on the test mode enable,

wherein the test mode controller comprises:

an address shift unit, in response to the test mode register
set signal, sequentially shifting the first address signal to
be outputted as a plurality of address shift signals; and

atest mode enable controller, in response to any one of the
address shift signals and the test mode item signal, gen-
erating the test mode enable signal, and

wherein the test mode enable controller comprises:

an encoder encoding the plurality of address shift signals;
and
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a logic combination unit logic-combining an output of the
encoder and the test mode item signal to be outputted as
the test mode enable signal.

8. The test mode circuit as set forth in claim 7, wherein
when the test mode register set signal and the first address
signal are inputted two or more times, the test mode controller
generates a test mode enable signal for the test mode enable.

9. The test mode circuit as set forth in claim 7, wherein
whenever the test mode register set signal is inputted, the
address shift unit sequentially shifts the first address signal to
output the address shift signals corresponding to the number
of input times of the test mode register set signal.

10. The test mode circuit as set forth in claim 7, wherein the
address decoding unit, in response to the test mode enable
signal and the test mode register set signal, decodes the sec-
ond address signals to be outputted as the test mode item
signal.

11. A test mode circuit of a semiconductor memory device,
comprising:

a test mode controller, in an initial operation, controlling
test mode enable with an extended mode register set
signal and a first address signal for test enable control;
and the test mode controller, in a subsequent operation,
receiving the test mode item signal as a feed-back signal
to maintain the test mode enable state; and

an address decoding unit decoding a second address signal
for test item selection to be outputted as the test mode
item signal, depending on a test mode entry, and

wherein the test mode controller comprises:

an address latch unit, in response to the extended mode
register set signal, latching the first address signal to be
outputted as a test mode control signal; and

a test mode enable controller, in response to any one of the
test mode control signal and the test mode item signal,
generating a test mode enable signal.

12. The test mode circuit as set forth in claim 11, wherein

the address latch unit comprises:

a transmission unit, when the extended mode register set
signal is inputted, transmitting the first address signal;

a latch unit latching the first address signal transmitted
from the transmission unit to be outputted as the test
mode control signal; and

a logic combination unit logic-combining the test mode
control signal and the test mode item signal to be out-
putted as the test mode enable signal.

13. The test mode circuit as set forth in claim 11, wherein
the address decoding unit, in response to the test mode enable
signal and the test mode register set signal generated in the
test mode entry, decodes the second address signal to be
outputted as the test mode item signal.

#* #* #* #* #*



